Abstract
Introduction
There have been several reports in the literature on the synthesis and characterization of a variety of metal carboxylates, specially those with open-framework structures [1, 2] . However, to our knowledge there are very few reports of mixed dicarboxylates of metals. An interesting mixed carboxylate reported recently is that of cobalt oxalato-squarate [3] , another example being a chiral mixed carboxylate of Nd exhibiting NLO properties [4] . We have been able to synthesize and characterize a mixed aliphatic dicarboxylate of lanthanum, wherein the oxalate unit is one of the components. The compound has the formula [La 2 (C 2 O 4 ) 2 (C 6 H 8 O 4 )(H 2 O) 2 ], I, where (6, 3) lanthanum oxalate layers are linked by adipate and oxalate units. In this article we report the synthesis and structure of this dicarboxylate. We also make a preliminary report on another lanthanum dicarboxylate of the formula, [La 2 (C 2 O 4 )(C 4 H 4 O 4 ) 2 (H 2 O) 4 ]·4H 2 O, II.
Experimental

Synthesis
The lanthanum oxalato-adipate, [La 2 (C 2 O 4 ) 2 (C 6 H 8 O 4 )-(H 2 O) 2 ], I, was synthesized hydrothermally. In a typical synthesis, 100 mg of La 2 O 3 was dispersed in 3 ml of deionized water, to which 0.16 ml of concentrated HCl (35%) was added dropwise to obtain a clear solution of LaCl 3 . To the solution, 5M NaOH solution was added dropwise under constant stirring until the final pH was 7, followed by the addition of 54.7 mg of oxamic acid and 89.7 mg of adipic acid. The final mixture was sealed in a 23 ml PTFE-lined acid digestion bomb and heated at 180 • C for 3 days. The product, comprising of colorless crystals, was vacuum filtered and washed with water. The yield exceeded 80%. The compound was characterized by powder X-ray diffraction (PXRD) which indicated the product to be new material, the PXRD pattern agreed with those generated from single crystal X-ray diffraction data. Elemental analysis of I was satisfactory. Calculated: C, 18.95%; H, 0.02%; Found: C, 19.01%; H, 0.023%. By a similar method as employed in I, on reacting LaCl 3 (after adjusting the pH to 7), with succinic and oxamic acid we have obtained a small quan- tity of a lanthanum oxalato-succinate, II. We have been able to obtain a preliminary structure of this dicarboxylate as well.
Single-crystal X-ray crystallography
A suitable single crystal of the compound was carefully selected under a polarizing microscope and glued at the tip of a thin glass fiber with cyano-acrylate (super glue) adhesive. Single crystal structure determination by X-ray diffraction was performed on a Siemens Smart-CCD diffractometer equipped with a fine-focus, 2.4 kW sealed tube X-ray source (Mo-K α radiation, λ = 0.71073 Å) operating at 40 kV and 40 mA. A hemisphere of intensity data was collected at room temperature with ω space scans (width of 0.30 • and exposure time of 20 s per frame). Pertinent experimental details for the structure determination are presented in Table 1.
The structure was solved by direct methods using SHELXS-86 [5] , which readily established the heavy atom position (La) and facilitated the identification of the light atoms (O, C, H) from difference Fourier maps. An empirical absorption correction based on symmetry equivalent La (1) 3449 (1) 1476 (1) 1426 (1) 13 (1) O (1) 5209 (9) 2567 (8) 4457 (7) 24 (1) O (2) 6519 (8) 4121 (9) 1445 (7) 23 (1) O (3) 2389 (8) 3500 (8) −0401 (6) 20 (1) O (4) −0263 (8) 0915 (8) 1438 (6) 18 (1) O (5) 2169 (12) −2025 (10) 1732 (9) 30(2) O (6) 3417 (8) −0224(8) −1542 (6) 19 (1) O (7) 3654 (9) 5090 (8) 3077 (6) 23 (1) C (1) 1393 (12) −1050(12) −2273(9) 16(2) C (2) 4548 (12) 5712 (13) 4603 (9) 17(2) C (3) 0322 ( (5) 6202 (12) 5171 (12) 0544 (9) 16 (2) a U eq is defined as one-third trace of the orthogonalized tensor U ij .
reflections was applied using SADABS programme [6] . All the hydrogen positions were initially located in the difference Fourier maps and the hydrogen atoms were placed geometrically and held in the riding mode for the final (6) (4) 
135 ( refinement. The last cycle of refinement included atomic positions for all the atoms, anisotropic thermal parameters for all the non-hydrogen atoms and isotropic thermal parameters for all the hydrogen atoms. Full-matrix-least-squares structure refinement against |F 2 | was carried out using the SHELXTL-PLUS [7] package of programs. Details of the Table 4 Hydrogen bonding interaction in compound I (7) 0.93(11) 1.96(11) 2.87 (1) 165(10) Intra O(5)-H(2)· · ·O(3) 0.73(12) 2.14(12) 2.84 (1) 162 (12) crystal structure and final refinements of both I and II are given in Table 1 . The atomic coordinates, selected bond lengths and angles in I are given in Tables 2 and 3 respectively. The hydrogen bond parameters in I are given in Table 4 .
Results and discussion
The asymmetric unit of I contains 13 non-hydrogen atoms (Fig. 1a) . There is one crystallographically unique La atom, one coordinated water molecule, one oxalate molecule and 1/2 of the adipate unit in the asymmetric unit. The La atom is 9-coordinated by 4 oxygens from two oxalate groups, 4 oxygens of three adipate groups and one water molecule. The central -CH 2 groups of the adipate moiety are disordered as in many other metal adipates [8] and no effort was made to locate the hydrogens. The carboxylate oxygens of the adipate are three-coordinated with each carboxylate acting as bischelating as well as bis-bridging unit. To our knowledge, such a coordination mode of an adipate group has been observed for the first time in I [9] . The bridging of the La centers by the three-coordinated adipate oxygens results in the formation of La-O-La chains parallel to the a-axis of the unit cell. The chains get connected by the bischelating oxalate groups to form layer, with a (6, 3) net topology, parallel to the ab-plane of the unit cell (Fig. 1b) [10] . The three-dimensional network can be viewed as formed by pillaring of these layers, which are shifted by 1/2 the unit cell length along both the a-and baxes of the unit cell and separated by an unit cell length along the c-axis of the unit cell, by the oxalate and adipate groups (Fig. 2) . In other words, the structure can be described as being formed of La-oxalate dimers which get connected by the bridging adipate oxygens to form (6, 3) layers (Fig. 1b) , unlike rare-earth oxalates which form (4, 4) layers with the metal centres connected by the oxalate units [11] . The layers in turn get connected by the out-of-plane oxalate and adipate groups to form the three-dimensional network. Such a connectivity between the layers results in the formation of hexagonal channels down the c-axis of the unit cell, with both the pillaring oxalate and adipate groups forming the walls of the channels.
The La-O bond distances in I are in the range 2.480(5)-2.701(5) Å (average = 2.566 Å) and the O-La-O bond angles are in the range 48.2(2)-151.8(2) • . Bond Valence Sum (BVS) calculations [12] (La = 3.16) as well as the bond distances are consistent with the +3 oxidation state of La. Within these hexagonal channels, the shortest and the longest opposite La-La distances are 8.089 and 10.76 Å respectively. The La-La separation between the adjacent layers down the c-axis is 9.167 Å.
We have been able to isolate one or two crystals of another 3-dimensional (Fig. 3a) and containing La-O-La chains running parallel to the b-axis of the unit cell, get connected by the pillaring oxalate units, thus completing the 3-dimensional framework structure of II (Fig. 3b) . Two adjacent lanthanum-succinate layers are separated by 1/2 the unit cell length along the c-axis and are related by a mirror image with a 90 • rotation. Such a connectivity between these lanthanum-succinate layers by the oxalate units gives rise to a network of interconnected 6-membered channels in between the lanthanum-succinate layers. These channels are occupied by the interstitial water molecules, which forms hydrogen bonds with the coordinated water molecules and the 2-coordinated oxygens of the succinate groups, thereby rendering additional stability to the structure (Fig. 3b) . BVS calculations [12] (La = 3.07) and charge balance considerations are consistent with the assumption of the terminal oxygen being coordinated water in II. We have not yet been able to isolate sufficient quantity of the compound II for full characterization.
The supplementary material has been sent to Cambridge crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK as supplementary material No. CCDC 257632 and CCDC 257633 and can be obtained by contacting the CCDC.
Conclusions
In conclusion, we have been successful in synthesizing a mixed dicarboxylate involving oxalate and adipate units with a 3-dimensional open-framework structure. The dicarboxylate, containing metal oxalate layers, forms hexagonal channels along the c-axis of the unit cell wherein the two carboxylate groups form the walls of the channels. Another dicarboxylate, with lanthanum-succinate layers connected by oxalate units, has also been identified.
